Let H and G be two graphs. The concept of an H-supermagic decomposition of G arises from the marriage between graph labelings and graph decompositions. In this paper, we give the conditions for the existence of C 2k -supermagic decomposition of the complete n-partite graph as well as of multiple copies of it.
grids, books, and the P t -(super)magic labelings of cycles. Jeyanthi and Selvagopal [4] studied the H-supermagic problems of the graph obtained by one point union of n copies of graph H and the graph linear garland LG n (H) when H is a 2-connected
graph. The H-supermagic problems of graphs remain open in general.
A graph G is n-partite if it is possible to partition V (G) into n subsets V 1 , V 2 , . . . , V n such that every element of E(G) joins a vertex of V i to a vertex of V j , i ̸ = j. A complete n-partite graph G is an n-partite graph with partite sets V 1 , V 2 , . . . , V n having the added property that if u ∈ V i and v ∈ V j , i ̸ = j, then uv ∈ E(G). A complete n-partite graph G with partite sets V 1 , V 2 , . . . , V n , where |V i | = m i (m i ≥ 2), is denoted by K m 1 ,...,m n . When n = 2, the graph K m,n is said to be a complete bipartite graph with partite sets of cardinalities m and n.
In [8] Sottean studied the complete bipartite graph decomposition into cycles of some fixed length and showed the following results:
Theorem 1.1 ([8]). K m,n can be decomposed into cycles of length 2k if and only if
(1) m, n ≥ k;
(2) both m and n are even; (3) mn is multiples of 2k.
In [1] , Cavenagh and Billington listed certain necessary conditions for a 2k-cycle decomposition of K m 1 ,...,m n to exist and showed sufficiency for 4-, 6-and 8-cycles.
The main goal of the paper is to study the problem on cycle-supermagic decompositions of complete multipartite graphs and their vertex disjoint union graphs. We next summarize the contents of the forthcoming sections. In Section 2 we give the conditions and method for the existence of H-supermagic decompositions of G and show that (1) there exists a C 2k -supermagic decomposition of K t 1 ,...,t n−1 ,t n if k ≡ t n ≡ 0 (mod 2) and t i ≡ 0 (mod k), i = 1, 2, . . . , n − 1; (2) there exists a C 2k -supermagic decomposition of K m,n when k is even and C 2k |K m,n .
In Section 3 we deal with the C 2k -supermagic decomposition of vertex disjoint union of r copies of a graph K t 1 ,...,t n−1 ,t n . Throughout this paper, we use the following symbols. Let Z be the ring of integers and Z m the residue class group modulo m with residue classes {0, 1, . . [1, 2mn] can be decomposed into n 2m-subsets such that the sum of all the elements in each 2m-subset is a constant.
Proof. We make a partition of [1, 2mn] as follows:
We have
. This completes the proof.
This partition in the proof above is useful in the sequel construction.
For convenience of statement, we introduce the following concept. Let B be an H-decomposition of G. Then B is said to be an H-vertex (or edge) magic decomposition of G if there exists a bijection f : Proof. Part (1). If there exists an H-edge magic decomposition of G, then there exists an H-edge magic labeling of G, say f .
. . , A n } has the desired properties. We now show sufficiency.
Hence the mapping f :
Part (2) . Let g and h be an H-vertex magic labeling and an H-edge magic labeling of G, respectively. Then, for each H i ∈ B,
we have the proof of part (2) . From part (2) and Lemma 2.2, we conclude the proof of part (3).
Theorem 2.4. If positive integer k
Proof. For convenience sake, let 
..,m n . By using this fact and the fact that
It is easy to verify that the f :
Hence, the mapping f is not only a K k,k -vertex magic labeling but also a C 2k -vertex magic labeling of K m 1 ,...,m n . 
It is easy to verify that f is a bijection. Again,
is a constant for each B i ∈ B. This implies that f is a C 2k -vertex magic labeling of K k,k+2s . 
..,t n−1 ,t n , where each C 2k in C has definition as in the proof of Lemma 2.5. We construct a vertex labeling g :
It is easy to verify that g is a bijection.
) is a constant. This implies that g is a C 2k -vertex magic labeling of K t 1 ,...,t n−1 ,t n . It is easy to verify that the number of edges of K t 1 ,...,t n−1 ,t n is q+(t 1 +· · ·+t n−1 )(k+2s). From Lemma 2.2 and Theorem 2.3, we conclude the proof. Proof. From Theorem 1.1, we can let k = pq, m = rp, n = sq. Since k is even, at least one of p and q is even. We have (1) r and q are even or (2) s and p are even. To complete the proof, it is enough to show case (1) because the case (2) can be proved similarly by exchanging m and n.
Let two partite sets of
This implies that f :
A C 2k -decomposition of K m,n , denoted by B, is given by the rs/2 following cycles (see [8] ) 
The six 24-cycles of C 24 |K 12,12 are as follows: 
We can also give the vertex labeling f using the following We have We have
Therefore, the f :
] is a C 24 -supermagic labeling of K 12,12 .
The H -supermagic decomposition of rG
The vertex disjoint union of r copies of a graph G is denoted by rG. We now establish the following results. 
Proof. It is easy to see that
By the hypothesis of the theorem, we have H|nG, say C. Let h and A be the H-supermagic labeling and the H-supermagic decomposition of G, respectively. In the following we construct a labeling g of nG as follows:
Hence g is a bijection from V (nG)
Since  h(C ) is a constant for each C ∈ A,  g(C ) is also a constant for each C ∈ C. This concludes the proof. 
